FMRI Memory capacity limits Rehearsal Memory delay VSTM a b s t r a c t
Limits to the capacity of visual short-term memory (VSTM) indicate a maximum storage of only 3 or 4 items. Recently, it has been suggested that activity in a specific part of the brain, the posterior parietal cortex (PPC), is correlated with behavioral estimates of VSTM capacity and might reflect a capacity-limited store. In three experiments that varied the delay period and the stimuli to be stored, we found dissociations between functional magnetic resonance imaging (fMRI) activity in PPC and behavioral measures of capacity. When the delay length increased, fMRI activity in this area increased with memory load beyond the behaviorally determined limits of capacity. The results suggest that activity in PPC may reflect the attentional demands of short-term memory rehearsal processes rather than capacity limitations, and imply that a larger number of items than that determined by behavioral measures of capacity may be rehearsed during STM tasks. This account is consistent with the role of PPC in attentional processes and with the close correlation between brain areas that are involved in attention and those that mediate STM.
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The ability to retain information for short periods of time plays an essential role in cognition. One of the most intriguing aspects of short-term memory is its limited capacity (Cowan, 2001 (Cowan, , 2006 Vogel, Woodman, & Luck, 2001; Wheeler & Treisman, 2002) . Although numerous studies have examined this aspect of STM, the origins of these limitations are as yet unclear (Cowan, 2006) . The short-term retention of information typically involves a sequence of processes: encoding, maintenance and the retrieval of information from memory to guide behavior. Most theories, however, assume that VSTM is limited by a small number of items that can be maintained in the store, leaving no room for errors due to encoding or retrieval processes. According to these theories, errors arise when more items are presented than can be stored and participants are probed on one of the excess items. If this view is correct, the critical measure of memory capacity can be directly estimated from the observed accuracy (Cowan, 2001; Pashler, 1988) .
Research on short-term memory using fMRI has revealed a large network of brain areas involved in the short-term maintenance of information (Cohen et al., 1997; Courtney, Ungerleider, Keil, & Haxby, 1997; Curtis & D'Esposito, 2003; Jonides, Lacey, & Nee, 2005; LaBar, Gitelman, Parrish, & Mesulam, 1999; Linden et al., 2003; Pessoa, Gutierrez, Bandettini, & Ungerleider, 2002; Ungerleider, Courtney, & Haxby, 1998) . Recent findings on memory for color circles have suggested that a neural correlate of the behavioral capacity limitations can be found in activity in the IPS (intraparietal sulcus) of the PPC (Todd & Marois, 2004) , suggesting that this area may constitute a capacity-limited visual memory store. The activity in this area was correlated with the group-averaged behavioral measures of capacity. Importantly, the observed activity in PPC showed an asymptotic function and leveled off with as few as 3 items.
A subsequent study suggested that the correlation with capacity limitations is restricted to the superior part of the IPS together with an additional area, the lateral occipital cortex (LOC) (Xu & Chun, 2006) . In this study, the activated area of the superior IPS was localized for each participant using their individual behavioral measures of capacity obtained in a color VSTM task. Subsequently, these ROIS were used to examine fMRI activity in response to a VSTM task to simple shapes. With these simple shapes, the same pattern of activity was obtained; the fMRI activity in the superior IPS increased up to 3 items and leveled off, in accordance with the behavioral measures of capacity.
The claim that a particular cortical area could be identified with a storage area for items in VSTM rightly aroused a great deal of interest. However, it is worth examining whether the close correlation between behavioral measures of capacity and fMRI activity in the superior IPS holds up across variations of memory delay, task
